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0 Pressure sensor system, 

@ A pressure sensor (10) that responds to a pre- 
determined rate of change of pressure in the fluid 
medium comprises a housing (12) that encloses a 
pressure chamber (40) which has a permeable wall 
(32) and flexible diaphragm (32) that seperates the 
pressure chamber (40) from the pressure sensitive 
system (38,42) in which the sensor is used. The 



sensor may be used in a pneumatic tire and in such 
use the flexible diaphragm (32) will be deflected to 
activate a transmitter when the pressure in the tire 
changes at a hazardous rate. The sensor will not 
activate the transmitter when the rate of change of 
pressure is less than a hazardous rate of change. 
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PRESSURE SENSOR SYSTEM 



Cross-References to Related Applications 



This application is a continuation in part of 
United States Patent Application Serial No. 
07/202,262 filed June 6. 1988. 

Background of the Invention 



This invention relates to a pressure sensor that 
responds to a predetermined rate of change of 
pressure in a fluid medium of a pressure sensitive 
system. In particular, this invention relates to a 
pressure sensor which may be used in a tire pres- 
sure warning system for generating an alarm signal 
when the rate of change of pressure in the tire 
exceeds a hazardous rate of change. 

Description of Related Art 



Pressure sensitive switches that respond to 
pressure changes in order to generate an alarm are 
well-known. The present pressure sensor, however, 
responds to a predetermined rate of change of 
pressure in a fluid medium rather than a simple 
pressure differential. 

U.S. Patent 4.211.901 Matsuda is directed to a 
pressure sensing switch for transducing the change 
of pneumatic pressure to an electrical signal. This 
device responds to the pressure differential be- 
tween two chambers that are separated by a dia- 
phragm. The device Is designed to respond to the 
pressure differential between the two chambers 
and makes no allowance for circumstances where 
the rate of change of pressure in the pressure 
sensitive system which is being monitored is such 
that it does not represent the hazard. 

U.S.P. 4.048,614 Shumway discloses the pres- 
sure detector and radio transmitter system for pro- 
viding a tire pressure warning. This system is de- 
signed to generate an alarm when the air pressure 
drops below a set minimum operating pressure. 

While it is important under certain circum- 
stances to generate an alarm when the pressure in 
the pneumatic tire drops below a predetermined 
critical pressure, there are circumstances under 
which the mere reduction in pressure in the tire 
below a predetermined level is not hazardous. 

The wall of a pneumatic tire and the seal 
formed between the tire and the rim are permeable 
to a certain extent and as a result the pressure in 
an inflated tire will fall over an extended period of 
time. This very gradual reduction in pressure is not 



hazardous when, for example, the inflated tire is 
mounted on a trailer of a vehicle which is held in 
storage for a matter of several months. It is quite 
common to have trailers stored in a marshalling 

5 yard for extended periods of time and if the tires of 
these vehicles were fitted with tire pressure alarms 
that responded to a reduction in the pressure in the 
tire, these alarms would go off frequently. Because 
these alarms are likely to be powered by a low- 

10 powered battery, the batteries are likely to run 
down when the alarms go off and are unattended 
with the result that it would be necessary to replace 
the batteries before the device could be effectively 
reactivated. This involves removing the tire from 

75 the rim. In some circumstances the fact that the 
alarm has gone off and the battery has discharged 
may not be readily evident and this could give the 
operator a false sense of security in that the oper- 
ator is not aware of the fact that the device is 

20 inoperable. 

In most motor vehicles a slow loss in the 
pressure in a tire is not hazardous. As previously 
indicated, alt tires are permeable to some extent 
with the result that air is escaping on a continuous 

25 basis from virtually all inflated pneumatic tires. This 
loss in pressure only becomes hazardous when the 
rate at which it occurs is such that the pressure in 
the tire can drop below a critical pressure during 
on-road use. 

30 

Summary of Invention 

It is an object of the present invention to pro- 

35 vide a pressure sensor that responds to a predeter- 
mined rate of change of pressure in a fluid medium 
of a pressure sensitive system. 

It is a further object of the present invention to 
provide a pressure sensor in which a pressure 

40 chamber is formed and wherein one of the walls of 
the chamber is a permeable wall which serves to 
permit the pressure in the pressure chamber to 
change at a predetermined rate and wherein one of 
the walls of the pressure chamber is a flexible 

45 diaphragm that moves to a predetermined position 
in response to a predetermined change in the 
pressure differential between the pressure chamber 
and the pressure sensitive system with which the 
sensor communicates. 

50 It is a further object of the present invention to 

provide a tire pressure alarm system that incor- 
porates a pressure sensor that responds to a pre- 
determined rate of change of the air pressure in 
the tire. And. if according to one aspect of the 
present invention there is provided a pressure sen- 
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pressure sensitive switch of Figure 1, 
Figure 3 is a diagrammatic representation of a 
receiver for use in association with the transmit- 
ter of Rgure 1 . 

Figure 4 is a sectional view taken through an 
inflated wheel assembly illustrating the manner 
in which the transmitter and pressure sensitive 
switch are mounted within the inflation chamber 
of a tire. 

Figure 5 is a pictorial view of the mounting 
bracket of Rgure 4, 

Rgure 6 is a partially sectioned pictorial view of 
a pressure sensitive transmitter assembly, 
Rgure 7 is a sectional side view through a 
portion of a pressure sensitive switch construct- 
ed in accordance with a further embodiment of 
the present invention. 

Rgure 8 is a sectional view taken through a 
membrane suitable for use in association with 
the switch constructed in accordance with Rg- 
ure 7. 

Fig. 9 is a sectional side view of a tire pressure 
arm system constructed in accordance with a 
further embodiment of the present invention. 
Rg. 10 is a diagrammatic representation of a 
pressure sensor constructed in accordance with 
a still further aspect of the present invention. 
Rg. 11 is a diagrammatic representation of a 
pressure sensor illustrating a stilt further em- 
bodiment of the present invention, 
Rg. 12 is a diagrammatic representation of a 
pressure sensor illustrating a still further aspect 
of the present invention. 

Rg. 13 Is a diagrammatic representation of a 
pressure sensor illustrating yet another aspect of 
the present invention. 

Rg. 14 is a circuit diagram illustrating a tem- 
perature switch arranged in series with the 
transmitter. 

With reference to Rgure 1 of the drawings, the 
reference numeral 10 refers generally to a pressure 
sensitive electrical switch constructed in accor- 
dance with an embodiment of the present inven- 
tion. 

The pressure sensitive electrical switch 10 
comprises a housing 12 which is constructed from 
three components which are identified by the refer- 
ence numerals 14. 15 and 16. The component 14 
is a cylindrical-shaped sleeve member which has a 
bore 20. The component 14 is made from a ma- 
terial which will act as a conductor such as brass 
or copper. 

The component 16 is formed from an insulating 
material and has a cylindrical side wall 26 and an 
end wall 28. The cylindrical side wail 26 has an 
end face 30 which is outwardly and rearward ly 
inclined toward the end wall 28. The cylindrical 
side wall 26 is proportioned to fit in an interference 



fitting relationship within the bore 20 of the compo- 
nent 14. The component 15 is formed from an 
insulating material and has a cylindrical side wall 
24 and an end wall 18. The side wall 24 has an 

5 end face 22 which is outwardly and rearwardly 
inclined toward the end wall 18. A flexible dia- 
phragm 32 is formed with a perimeter mounting 
ring 34 and a thin flexible membrane 36. The 
mounting ring 34 is wedged between the end face 

10 22 and the end face 30. It will be seen that the 
mounting ring 34 will be urged into contact with the 
inner face of the component 14 to form a good 
electrical contact therebetween. 

The components 14, 15 and 16 and the flexible 

T5 diaphragm 32 are assembled as shown in Rgure 1 
such that the membrane 32 serves to separate the 
first pressure chamber 38 from the second pres- 
sure chamber 40. The second pressure chamber 
40 is a sealed chamber. The first pressure cham- 

20 ber 38 has an access passage 42 which extends 
through a nipple 44 which is initially closed by a 
frangible end wall 46. The components 14, 15 and 
16 and the diaphragm are assembled in an envi- 
ronment which is pressurized to the ambient or 

25 control pressure which is required in the second 
chamber 40 in use. When the device is to be used 
in a tire of a truck or the like the control pressure Is 
about 100 psi. 

A first electrical conductor 48 is mounted in the 

30 end wall 28 and projects into the first pressure 
chamber 38. The inner end 50 of the first electrical 
conductor 48 is arranged to spaced from the dia- 
phragm 32 and serves to form a first electrical 
contact. 

35 A second electrical conductor 56 is mounted in 
the end wall 18 and projects therethrough. The 
second electrical conductor 56 serves to provide a 
second contact 58 which is arranged in a spaced 
relationship with respect to the membrane 36 when 

40 it is in its normal position illustrated in Rgure 1. 
Preferably, the contacts 50 and 58 are equally 
spaced from the membrane 36. It will be apparent 
that when a pressure differential is established be- 
tween the chambers 38 and 40, the flexible mem- 

45 brane 36 will be deflected toward the low pressure 
chamber and when a predetermined pressure dif- 
ferential is established, the membrane 36 will make 
contact with one or other of the contacts 50 or 58 
to effectively close the switch to permit current to 

so flow through the component 14, membrane 36 and 
either of the conductors 48 or 56 depending upon 
which of the conductors is in contact with the 
diaphragm 36. 

The flexible diaphragm 32 is made from an 

55 electrically conductive silicone rubbe r material such 
as that manufactured by Armet Industries Corpora- 
tion of Tilsonburg. Ontario. Canada. This material is 
normally considered to be substantially imperme- 
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sor that responds to a predetermined rate of 
change of pressure in a fluid medium of a pressure 
sensitive system comprising; a housing having 
walls that enclose a pressure chamber, one of said 
walls being a flexible diaphragm that separates the s 
pressure chamber from the pressure sensitive sys- 
tem, said diaphragm being movable to and fro 
between a first position and a second position in 
response to a predetermined change in the pres- 
sure differential between the pressure chamber and io 
the pressure sensitive system, at least one of said 
walls being a permeable wall that is permeable to 
said fluid medium and having a sufficient per- 
meability to permit the fluid medium to pass there- 
through at a rate that will serve to permit equaliza- 75 
tion of the pressure in the pressure chamber and 
the pressure sensitive system to prevent displace- 
ment of the diaphragm to the second position when 
the rate of change of pressure in the pressure 
system is less than that which is indicative of a 20 
perdetermined rate of change, the permeable wall 
being sufficiently impermeable to prevent the pas- 
sage of fluid medium therethrough at a rate that 
will serve to prevent equalization of the pressure in 
the pressure chamber and the pressure sensitive 25 
system at a rate that would prevent movement of 
the diaphragm from said first position to said sec- 
ond position when the predetermined rate of 
change occurs in the pressure sensitive system. 

According to a further aspect of the present 30 
invention, there is provided a pneumatically op- 
erated pressure sensitive electrical switch for de- 
tecting a hazardous rate of change of pressure in a 
- pressure sensitive penumatic system comprising; a 
housing having walls that enclose a pressure 35 
chamber.a flexible diaphragm mounted in said 
housing, said diaphragm forming one of said walls 
of said pressure chamber, said diaphragm serving 
to separate the pressure chamber from said pres- 
sure sensitive penumatic system in use. said dia- 40 
phragm being free to move independently to and 
fro between a first position and a second position 
in response to said hazardous rate of change in the 
pressure in the system, one of said walls of said 
pressure chamber being a permeable wall which is 45 
sufficiently permeable to permit air to pass thereth- 
rough at a rate which will serve to permit equaliza- 
tion of the pressure on opposite sides of the dia- 
phragm at a rate that would prevent the detection 
of a change in the pressure in said pressure sen- so 
sitive system which occurs at a rate that is less 
than said hazardous rate, said permeable wall be- 
ing sufficiently impermeable to prevent the pas- 
sage of air therethrough at a rate which will serve 
to prevent equalization of the pressure on opposite 55 
sides of the diaphragm at a rate which would 
prevent the movement of the diaphragm from said 
first position to said second position when said 



hazardous rate of change occurs in the pressure in 
said pressure sensitive system, switch means car- 
ried by said housing and communicating with said 
diaphragm to open and close in response to move- 
ment of said diaphragm to and fro between said 
first and second positions. 

According to yet another aspect of the present 
invention, there is provided in an inflation chamber 
of a tire which is inflated to a predetermined infla- 
tion pressure the improvement of an alarm system 
for generating an alarm signal when air leaks from 
the inflation chamber at a rate which could be 
hazardous comprising; a housing mounted in said 
inflation chamber, said housing having a Wall that 
forms a pressure chamber therein, a flexibje dia- 
phragm mounted in said housing, said diaphragm 
forming one of said walls of said pressure cham- 
ber, said diaphragm serving to separate the pres- 
sure chamber from said inflation chamber such that 
said diaphragm is free to move independently to 
and fro between a first position and a second 
position in response to said hazardous rate of 
change in the pressure in the inflation chamber.' 
one of said walls of said pressure chamber being a 
permeable wall which is sufficiently permeable to 
permit air to pass therethrough at a rate which will 
serve to permit equalization of the pressure in the 
pressure chamber and the inflation chamber on 
opposite sides of the diaphragm at a rate that will 
prevent the detection of a change in the pressure 
in said inflation chamber which occurs at a rate that 
is less than said hazardous rate, said permeable 
wall being sufficiently impermeable to prevent the 
passage of air therethrough at a rate which will 
serve to prevent equalization of the pressure in the 
pressure chamber and the inflation chamber on 
opposite sides of the diaphragm at a rate which 
would prevent the movement of the diaphragm 
from said first position to said second position 
when said hazardous rate of change occurs in the 
pressure in said pressure sensitive system, alarm 
means communicating with said diaphragm and 
operable to generate an alarm signal in response to 
movement of said diaphragm from said first posi- 
tion to said second position. 

Preferred Embodiment 



The invention will be more clearly understood 
after reference to the following detailed specifica- 
tion read in conjunction with the drawings wherein; 
Rgure 1 is a sectional side view of a pressure 
sensitive electrical switch constructed in accor- 
dance with an embodiment of the present inven- 
tion. 

Figure 2 is a diagram illustrating a pressure 
sensitive transmitter assembly incorporating the 
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118 or the contacts 126, 128 depending upon the 
direction in which the diaphragm is deflected. 
When the diaphragm makes contact with the con- 
tacts 116. 118, current can flow from the conductor 
110 to the conductor 112. Similarly, when the dia- 
phragm 132 makes contact with the contacts 126 
and 128, current can flow through the conductor 
120 to the conductor 122. 

In a still further modification which is not 
shown, only one set of contacts 116. 118 may be 
provided on one side of a diaphragm so that move- 
ment of the diaphragm can make and break the 
contact between the contacts 116 and 118 as re- 
quired in use. 

A diaphragm suitable for use in the embodi- 
ments illustrated in Figure 7 of the drawings is 
shown in cross-section in Figure 8. The diaphragm 
includes an annular perimeter ring 150. a flexible 
membrane 152 and a central boss 154. As pre- 
viously indicated, the diaphragm is made from a 
flexible material which is capable of conducting 
electricity. When the annular ring 152 is clamped 
between the shoulder 24 and end face 30 (Fig.1), it 
will be deformed to assume the generally triangular 
configuration illustrated in Figure 1 and this will 
serve to lock the ring 150 in the housing. 

The boss 154 is particulariy suitable for use in 
the embodiments illustrated in Figure 7 of the 
drawings wherein it is desirable to provide flat end 
faces 156 and 158 in order to establish contact 
between the contacts 116. 118 and between the 
contacts 126, 128 as previously described. The 
boss 154 and the membrane 152 are each circular 
in front view. 

As previously indicated, when the pressure 
sensitive switch is initially assembled, the cham- 
bers 38 and 40 are pressurized to a pressure which 
is about equal to the pressure in the environment in 
which the pressure sensitive switch is designed to 
operate in use. In a typical installation such as the 
inflation chamber of a pneumatic tire such as that 
used in the trucking industry, the chambers 38 and 
40 would be pressurized to about 100 psi gage. 
The pressure sensitive switch can be stored in this 
condition for an extended period of time because 
little or no load will be applied to the membrane 
because there is little or no pressure differential 
between the pressure chambers 38 and 40 and any 
pressure differential which may initially exist will 
diminish by reason of the permeability of the mem- 
brane 36. When the pressure sensitive switch is to 
be used in the manner illustrated in Rgure 4 of the 
drawings, the end wall 46 of the nipple is removed 
to open the passage 42. As a result, the pressure 
in the chamber 38 will drop and the membrane 36 
will be deflected to make contact with the contact 
50. This procedure can be used to test the trans- 
mitter to ensure that it will function to emit a 
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warning signal. When the pressure sensitive switch 
is installed, the tire is then inflated and inflation will 
continue until the required pressure is established 
within the inflationa chamber 84. This pressure will 
5 be transmitted to the pressure chamber 38 of the 
pressure sensitive switch and will serve to deflect 
the membrane 36 back to the neutral position. If 
the tire is over-inflated, the membrane 36 will be 
deflected to make contact with the contact 58 and 
10 this will again activate the transmitter to generate a 
warning signal. After the tire has been correctly 
inflated, the membrane 36 will be located in a 
position which is very close to the neutral position 
shown in Figure 1 of the drawings. If there is a 
15 pressure differential between the pressure in the It 
inflation chamber 84 and that in the reference 
chamber 40. the pressure differential will be re- 
duced in time by reason of the permeability of the 
membrane 36. As previously indicated, even mem- 
20 branes which are considered to be substantially 
impermeable are not totally impermeable with the 
result that some transfer of air will take place over 
an extended period of time resulting in the elimina- 
tion of pressure differentials which are maintained 
25 over a long period of time. If, however, the pres- 
sure in the inflation chamber 84 decreases or in- 
creases to an undesirable extent at a rate which is 
greater than the rate at which air can permeate the 
membrane 36. the membrane 36 will be deflected 
30 to form contact with the contact 50 or 58 to activate 
the transmitter which will in turn emit a warning 
signal which will activate the alarm mechanisms of 
the receiver as previously described. 

A further embodiment to the present invention 
35 is illustrated in Rgure 9 on the drawings wherein 
reference number 160 refers generally to a pres- 
sure sensor and alarm system for use in a pneu- 
matic tire. 

The pressure sensor system 160 includes a 
40 housing 162 in which a pressure chamber 164 is 
formed. A pressure sensitive electrical switch which 
is generally identified with reference number 166 is 
mounted at one end of the housing 162 and serves 
to form a wall of the pressure chamber 164. The 
45 switch 166 consists of an end cap 168 which is 
formed from an electrically conductive material and 
has an end wall 170 through which a plurality of 
passages 172 open to permit the fluid medium to 
pass to and fro between the chamber 262 and the 
50 chamber 173. The end cap 168 also has a tubular 
wall portion 174 which fits in a close fitting relation- 
ship within the end of the housing 162. An elec- 
trically insulating collar 176 is located inwardly 
from the tubular wall 174. A flexible diaphragm 178 
55 is mounted within the switch 166 and is retained 
therein by means of a retaining wall 180. The 
retaining wall 180 has a plurality of passage ways 
182 which open therethrough such that the fluid 
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able to air, however, a significant amount qf^^ajr 
may^pernne ate the mem brane^ 36 if a pressure 
differential is maintained betweerHhe chan^^ 
and 40 for an extended period of lime (I.e. several 
days). Because of the gradual equalization of pres- s 
sure resulting from the permeability of the mem- 
brane 36 the membrane will not be deflected to 
contact the conductors unless the rate of charge of 
the pressure in the pressure chamber 40 exceeds 
the rate at which the fluid medium permeates the io 
membrane 36. *\ 
By pressurizing the chambers 38 and 40 to an — 
initial pressure which is close to the operating 
pressure in the system which is to be monitored, 
the membrane 36 will assume the neutral position. is 
When the switch is to be used, the end wall 46 is 
removed from the nipple 44 to open the passage- 
way 42. The passageway 42 is then placed in 
communication with the pressure system which Is 
to be monitored so .that the pressure in the system 20 
is applied to the first pressure chamber 38. If the 
pressure differential between the chambers 38 and 
40 is greater than that within which the switch is 
designed to remain open, the flexible membrane 
36 will be deflected into contact with one or other 25 
of the contacts 50 or 58 as previously indicated to 
close the switch 10. 

When the pressure sensitive switch 10 is as- 
sembled in a pressurized environment, the cham- 
bers 38 and 40 are pressurized to a pressure which 30 
is substantially equal to the normal operating pres- 
sure. Any pressure differential which is initially 
present will gradually diminish as a result of the 
fact that the air will eventually permeate the mem- 
brane 36. The air pressure is maintained in the as 
chambers 38 and 40 by reason of the end wall 46 
which closes the passage 42. 

As shown in Figure 2 of the drawings, the 
switch 10 may be used to advantage in a pressure 
sensitive transmitter assembly 60. The transmitter 40 
assembly 60 includes a power source in the form 
of an electrical battery 62 and a transmitter 64. A 
pressure sensitive transmitter assembly 60 of the 
type described in Figure 2 of the drawings which is 
to be used in a tire pressure warning system may 45 
employ a battery such as one or more double-A 
1.5 volt long-life batteries and a transmitter in the 
form of a commercially available short-wave radio 
transmitter such as the type commonly used to 
control the opening and closing of garage door so 
mechanisms or the like. 

A portable receiver suitable for use in associ- 
ation with the transmitter assembly of Figure 2 is 
generally identified by the reference numeral 70 in 
Rgure 3 of the drawings. The receiver 70 may be 55 
of any conventional construction compatible with 
the transmitter 42. The receiver 70 has an audible 
alarm 72 and a visual alarm 74. The audible alarm 



72 may be in the form of an alarm buzzer and the 
visual alarm may be in the form of an LED. A 
cancellation button 76 is provided for Interrupting 
the alarm circuit of the receiver. Receivers which 
generate audible alarms and activate visually de- 
tectable Indicators In response to the receipt of a 
predetermined signal are well known and will not 
therefore be described in detail. The receiver of the 
present invention is mounted in a portable housing 
78 In which a conventional pressure gage 80 may 
also be mounted. The pressure gage 80 has a 
connecting nipple 82 of a type suitable for forming 
a connection with the Inflation valve of a tire or the 
like. The pressure gage 80 is designed to give a 
reading of the pressure detected when the con- 
necting conduit 82 is coupled to a valve of a tire or 
the like. 

As shown in Rgure 4, the pressure sensitive 
transmitter assembly 60 Is mounted within the infla- 
tion chamber 84 of a pneumatic tire assembly of 
the type generally Identified by the reference nu- 
meral 86. In this embodiment the transmitter as- 
sembly 60 is mounted on a bracket 88 which is in 
turn mounted on the Inner end 90 of the valve stem 
' 92 which is mounted on the well rim 94. 

The mounting bracket 88 is illustrated in Figure 
5 of the drawings wherein it will be seen that it is 
shaped to provide a seat 96 and a mounting flange 
98 In which a mounting passage 100 is formed. 
The mounting passage 100 Is proportioned to re- 
ceive the valve stem 92. The seat 96 has a gen- 
erally dove-tail configuration. 

With reference to Figure 6 of the drawings. It 
will be seen that the transmitter assembly 60 is 
mounted In a housing 102 which has a base por- 
tion 104 which has a dove-tall cross-sectional con- 
figuration corresponding to that of the seat 88. The 
battery 62. transmitter 64 and pressure-sensitive 
switch 10 are all accommodated within the housing 
102 with the nipple 44 projecting through a wall of 
the housing 102 so that the through passage 42 
will open into the Inflation chamber 84 (Rg. 4) 
when the end wall 46 (Rg.1) is removed. 

A pressure sensitive switch constructed in ac- 
cordance with a further embodiment of the present 
Invention is illustrated in Figure 7 of the drawings 
to which reference is now made. In the embodi- 
ment Illustrated in Figure 7 of the drawing, conduc- 
tors 110 and 112 are mounted in the end wall 114 
in a spaced parallel relationship to provide contacts 
116 and 118. Similarly, conductors 120 and 122 
are mounted In the side wall 124 to provide termi- 
nals 126 and 128 on the opposite side of the 
diaphragm 132. An Input passage 142 extends, 
through a nipple 144 into the first charhber 138. 
The through passage 142 is normally closed by an 
end wall 146. In this embodiment, the diaphragm 
132 is deflected into contact with the contacts 116. 
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insure that the diaphragm 178 will not be damaged 
in circumstances where the pressure differential 
between the inflation chamber and the pressure 
chamber 164 is greater than that which might oth- 
erwise be considered to be a hazardous differen- 5 
tial. It will be understood that during the initial 
inflation of a pneumatic tire, it is quite common to 
inflate the tire to a pressure which is substantially 
above the normal operating pressure in order to 
insure that the tire is properly seated on the wheel 10 
rim. After the tire has been Inflated to the installa- 
tion pressure, air may tnen oe oiscnarged through 
the air valve and as a result the pressure in the tire 
inflation chamber may drop welt below the pres- 
sure in the pressure chamber 164. When this oc- ;5 
curs, the air may then be vented from the pressure 
chamber 164 through the discharge passage 194 
by deflecting the sleeve 196. This discharging will 
continue until the pressure in the inflation chamber 
drops below the norrnat operating pressure. As a 20 
result the pressure differential between the pres- 
sure chamber 164 and the tire inflation chamber is 
such that the pressure in the chamber 164 exceeds 
the pressure in the inflation chamber by an amount 
which greater than that required to deflect the 25 
diaphragm 178 into contact with the end wail 170 
and these will activate the transmitter. The tire is 
then re-inflated to increase the pressure in the 
inflation chamber to the required operating pres- 
sure. As a result, the pressure in the inflation 30 
chamber wilt once again exceed that in the pres- 
sure chamber. While the pressure differential is 
reduced by the passage of air through the charging 
passage 188. the pressure in the pressure chamber 
wilt remain slightly below that of the inflation cham- as 
ber and consequently, the transmitter will be de- 
activated. Thereafter the permeability of the dia- 
phragm will permit a gradual elimination of the 
pressure differential and the diaphragm will return 
to the neutral position. As a result of this proce- 40 
dure, the presence of an operable alarm device is 
signalled by the fact that the alarm is activated 
when air is vented from the overinflated tire. The 
alarm is, however, deactivated when the tire is 
roinfiated to the operating pressure and will only bo -tct 
reactivated when a hazardous pressure drop oc- 
curs in the inflation chamber. 

If as a result of a fast leak, the pressure in the 
tire inflation chamber drops at the hazardous rate 
which exceeds the rate of permeability of the dia- so 
phragm 178. The diaphragm 178 will be deflected 
into contact with the end wall 172 to activate the 
transmitter as previously described which will in 
turn activate the alarm system. As a result, an 
alarm signal will be generated. If, on the other 55 
hand, the pressure in the air inflation chamber of 
the tire increases or decreases at a rate which is 
less than that which is indicative of a hazardous 
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rate of change, the permeability of the diaphragm 
178 will insure that the diaphragm 178 is not de- 
flected into contact with the end wall 1 78. and as a 
result the transmitter will not be activated. 

The pressure sensor system illustrated in Fig- 
ure 9 can be installed in any pneumatic tire regard- 
less of the cold inflation pressure required in the 
tire. The cold inflation pressure usually ranges from 
28 to 30 psi for automobiles and 80 to 100 psi for 
truck tires. The charging passage 188 and the 
discharge passage 194 and their associated 
sleeves 190 and 196 serve to allow the pressure in 
the pressure chamber to be automatically adjusted 
to match the pressure in the tire and as^a result, 
the sensor device of the present invention could 
just as easily be be used in a high pressure or low 
pressure system because the pressure differential 
across the diaphragm will never exceed that per- 
mitted by the sleeves 190 and 196 which act as 
valves that open and close the charging and dis- 
charging passages 188 and 194. 

From the foregoing, it will be apparent that the 
pressure sensor system of the present invention is 
armed and ready to respond to a hazardous pres- 
sure change without the need to be electrically live. 
The system does not draw power from its electrical 
battery until the transmitter is activated as a result 
of the detection of a hazardous rate of pressure 
change in the tire. As a result, the operating fife of 
the sensor system of the present invention may 
equal that of the tire in which it is installed in use. 
Obviously in circumstances where a defective tire 
is replaced or repaired, it is a simple matter to 
replace the sensor, and/or its battery. A further 
modification of the present invention as illustrated 
in Ftgure 10 of the drawings wherein the rate of 
change sensor 230 as a pressure chamber B that 
is separated from the chamber A by means of a 
.diaphragm 278. The end wall 232 is made per- 
meable by providing a small orifice 234 which 
opens therethrough. In this device the diaphragm 
278 is made from an electrical conductive material 
and the limit plates 280 and 282 are both elec- 
trically conductive and form terminals of a switch. 
When tho pressure in the chamber B exceeds the 
pressure in the chamber A the diaphragm 278 may 
be deflected into contact with the wall 280 and 
when the pressure in the chamber A exceeds the 
pressure in the chamber B. the diaphragm may be 
deflected into contact with the wall 282. 

The container 233 which is diagrammatically 
illustrated in Figure 10 may be used for the pur- 
poses of calibrating the sensor switch of the 
present invention. When the capacity of the con- 
tainer 233 and the displacement of the plunger 234 
are known, it is possible to change the pressure in 
the chamber A at a predetermined rate in order to 
determine the permeability of the permeable wall of 
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pressure within the pressure chamber 164 is ap- 
plied to one side of the diaphragm 1 78. A transmit- 
ter and battery (not shown) may be located within 
the pressure chamber 164 with electrical connec- 
tions being made between the battery, the termi- 
nals and the electrically conductive retaining wall 
180 and the electrically conductive end cap 168. It 
will be seen that the collar 176 which is made from 
an insulating material serves to prevent direct elec- 
trical contact between the retaining wall 180 and 
the end cap 170. The diaphragm 178 is made from 
an electrical conductive material and is in contact 
with the retaining wall 180 when it Is in Its normal 
position shown in Figure 9. It will be understood 
that when the pressure in the pressure chamber 
164 exceeds the pressure In the Inflation chamber 
by an amount such that a predetermined pressure 
differential exists between the pressure chamber 
164 and the Inflation chamber of the pneumatic tire 
in which the device is mounted in' use. the dia- 
phragm 178 will be deflected into contact with the 
end wall 170 of the end cap 168 to complete the 
electrical circuit and thereby activate the transmit- 
ter as previously described. 

An end cap 260 is mounted on the housing 
162 and serves to form an antechamber 262 which 
communicates with the diaphragm 178 through the 
passage 172. A small access passage 264 opens 
into the antechamber 262. The access passage 
264 serves to ensure that the pressure In the 
antechamber 262 will not Increase or decrease at a 
rate which Is as great as the rate at which the 
pressure in the inflation chamber of the tire 
changes in response to movement of the wheel 
along a rough road surface or the like. The addition 
of the end cap serves to provide a "damper" which 
prevents the application of "spike" pressures to the 
diaphragm. It will be noted, however, that the pas- 
sage 264 is sufficiently large to ensure that the 
pressure in the antechamber 262 will Increase at a 
rate substantially in excess of that required In order 
to indicate the hazardous rate of change in the 
inflation chamber. 

A second wall assembly of the pressure cham- 
ber 164 Is generally identified by the reference 
numeral 184. This second wall has a first protuber- 
ance 186 which projects into the pressure chamber 
164. A charging passage 188 extends through a 
second wall 184 and opens laterally outwardly 
through the site of the protuberance 186. A tubular 
sleeve 190 which is formed from a substantially 
impermeable elastic material extends over the pro- 
tuberance 186 and serves to close the opening 
formed by the through passage 188. A similar 
protuberance 192 projects outwardly from the di- 
vider wall 184 and has a discharge passage 194 
opening therethrough which is normally closed by 
a sleeve 196. A filter 198 extends over the inner 



face of the second wall 184 and serves to filter the 
fluid medium before it may be discharged from the 
pressure chamber through the discharge passage 
194. A similar filter 200 extends over the outer face 

5 of the second wall 1 84 and serves to filter the fluid 
medium before it can pass through the charging 
passage 188. 

A conventional air valve stem 202 has Its inner 
end flange 204 seated in the chamber 206 so that 

70 it bears against the end wall 208. Through passage 
210 extends through the stem 202 and has a 
threaded outer end portion 212 which serves to 
accommodate a Schrader valve external threads 
214 provided to receive the conventional end cap 

75 bearing threads 216 are provided to facilitate the 
mounting of the valve in a conventional manner. A 
spacer 218 separates the flange 204 of the valve 
stem from the filter 192 and serves to form a 
further chamber 220. It will be understood that the 

20 pressure chamber 164, chamber 206 and chamber 
220 each have a circular cross-sectional configura- 
tion or any other desired cross-sectional configura- 
tion. In use the pressure sensor system 160 is 
mounted on the rim of a wheel with the valve stem 

25 " 202 projecting outwardly therefrom and the housing 
162 located within the Inflation chamber of the tire. 
A conventional one way valve is located In the 
threaded outer end 212 and the tire may then be 
inflated In a conventional manner. Air will then pass 

30 through the through passage 210 to enter the 
chamber 206. The air entering the chamber 206 
will be discharged through the passages 222 Into 
the inflation chamber of the tire. As the pressure 
within the pressure chamber of the tire Increases, 

35 air will enter the chamber 220 through the passage 
224. This air will pass through the filter 200 to the 
charging passage 188. Eventually the pressure in 
the chamber 220 will be sufficient to extend the 
sleeve 190 to an extent sufficient to open the 

40 access passage 188 to the pressure chamber 164. 
Air will continue to pass through the charging pas- 
sage 188 until the pressure differential between the 
chamber 220 and the pressure chamber 164 is 
such that the sleeve 190 contracts to close the 

4S access passage. It will be noted that the sleeve 
190 will act to prevent the pressure in the pressure 
chamber 164 rising above the pressure in the 
chamber 220 during the Initial Inflation stage and 
will serve to maintain the pressure chamber 164 at 

50 a pressure which Is slightly less than that of the 
inflation chamber. The pressure differential which is 
maintained by the sleeve 190 Is greater than that 
required to cause the flexible diaphragm 178 to be 
deflected into contact with the retaining wall 180. 

55 As a result during the Initial inflation stage, the 
diaphragm 178 will be deflected into contact with 
the retaining wall 180 and will be supported by the 
retaining wall 180. The retaining wail 180 serves to 
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in the pressure chamber and the pressure sen- 
sitive system to prevent displacement of the 
diaphragm to the second position when the rate 
of change of pressure in the pressure system is 
less than that which is indicative of a predeter- 5 
mined rate of change, the permeable wall being 
sufficiently impermeable to prevent the passage 
of fluid medium therethrough at a rate that will 
serve to prevent equalization of the pressure in 
the pressure chamber and the pressure sen- io 
sitive system at a rate that would prevent move- 
ment of the diaphragm from said first position to 
said second position when the predetermined 
rate of change occurs in the pressure sensitive 
system, 's 

2. A sensor as claimed in claim 1 wherein the . 
permeable wall is a wall other than the flexible 
diaphragm. 

3. A sensor as claimed in claim 2 wherein the 
permeability is achieved by providing orifice means 20 
in said permeable wall. 

4. A sensor as claimed in claim 1 wherein passage 
means is formed in the permeable wall and a 
permeable cover member covers the passage 
means. 25 

5. A sensor as claimed in claim 1 wherein the said 
diaphragm is formed from electrically conductive 
material. 

6. A sensor as claimed in claim 5 wherein at least 

one electrically conductive plate is located in a 30 
side-by-side relationship with respect to said dia- 
phragm so as to be spaced from said diaphragm 
when the diaphragm is in its first position and to 
make contact with said diaphragm when it is in 
said second position. 3S 

7. A sensor as claimed in claim 5 wherein said 
diaphragm is movable to a third position in which it 
is displaced from said first positfon th a direction 
opposite to the direction of displacement toward 

the second position, and wherein first and second 40 
electrically conductive plates are located one on 
either side of said diaphragm in a spaced relation- 
ship thereto whereby displacement of the dia- 
phragm from the first position will establish contact 
between the diaphragm and the first conductive 45 
plate and displacement of the diaphragm to the 
second position will establish contact between the 
diaphragm and the second conductive plate. 

8. A sensor as claimed in claim 1 further compris- 
ing a second chamber formed in said housing, said so 
second chamber having an access passage for 
communicating with the pressure sensitive system 
whereby the pressure in the second chamber may 
change rapidly in response to a rapid change in 
pressure in the pressure sensitive system, said ss 
flexible diaphragm separating the pressure cham- 
ber from said second chamber. 

9. A sensor as claimed in claim l further compris- 



ing a first antechamber formed between the per- 
meable wall of the pressure chamber and the pres- 
sure sensitive system, said first antechamber hav- 
ing a first access passage for communicating with 
the pressure sensitive system. 

10. A sensor as claimed in claim 9 wherein the first 
access passage is proportioned to restrict access 
to the first antechamber whereby short duration 
pressure surges in the pressure sensitive system 
will not result in displacement of the diaphragm to 
the second position. 

11. A sensor as claimed in claim 8 further compris- 
ing a first antechamber fomied between the per- 
meable wall of the pressure chamber and the pres- 
sure system, said first antechamber having a first 
access passage for communicating with the pres- 
sure sensitive system and a second antechamber 
formed between the second chamber and the pres- 
sure sensitive system, the access passage from 
the second chamber opening into second ante- 
chamber, said second antechamber having an 
opening formed therein for communicating with the 
pressure sensitive system. 

12. A sensor as claimed in claim 11 further com- 
prising first and second filter means arranged in 
said first and second antechambers respectively to 
filter the fluid medium entering the first and second 
antechambers to prevent contamination of the per- 
meable wall and the access paissage of the second 
chamber. 

13. A sensor as claimed in claim 8 further compris- 
ing a first antechamber formed between the per- 
meable wall of the pressure chamber and the pres- 
sure system, said first antechamber having a first 
access passage for communicating with the pres- 
sure sensitive system, a second antechamber 
formed between the second chamber and the pres- 
sure sensitive system, the access passage of the 
second chamber opening into said second ante- 
chamber, said first and second antechambers hav- 
ing first and second flexible walls respectively for 
separating the first and second antechambers from 
the pressure sensitive system, the first and second 
flexible walls being sufficiently flexible to permit the 
hazardous pressure changes that occur in the pres- 
sure sensitive system to be communicated to the 
flexible diaphragm to deflect the diaphragm as 
required in use. 

14. A sensor as claimed in claim 1 further compris- 
ing passage means opening into the pressure 
chamber through which said fluid medium may be 
admitted to the pressure chamber and flow control 
means communicating with said pressure chamber 
for preventing the flow of fluid medium into the 
pressure chamber unless the pressure differential 
between the pressure sensitive system and the 
pressure chamber exceeds the pressure differential 
required to deflect the flexible diaphragm between 
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the chamber B to insure that the diaphragm 278 
will be displaced into contact with the wall 280 or 
the wait 282 when a hazardous rate of change in 
the pressure differential between the chambers A 
and B occurs. 5 

A further embodiment of the present invention 
associated in Figure 1 1 of the drawings wherein the 
permeable wall of the pressure chamber B is pro- 
vided by forming passages 236 in an impermeable 
end wall 238 and apply a permeable cover plate w 
240 to the end wall 238. By reason of this struc- 
ture, it is not necessary to make the diaphragm 
278 from a permeable material. 

In a further embodiment illustrated in Figure 12 
the housing 230 is located in a filter housing 242 is 
such that antechambers 244 and 246 are provided 
for the chambers A and B respectively. Filter ele- 
ments 248 and 250 serve to filter the fluid medium 
before it can enter the chambers A and B respec- 
tively. 20 

Yet another embodiment of the present inven- 
tion is illustrated in Figure 13 of the di'awings 
wherein flexible bellows 252 and 254 enclose the 
antechamber 244 and 246 respectively. This struc- 
ture is suitable for use in an environment where it 25 
is desirable to exclude the fluid medium in which 
the sensor is operating from the fluid medium in 
the pressure sensor system. It will be apparent that 
if the sensor system 260 of Rgure 13 is located in 
a pressure sensitive system in which the pressure ao 
drops the bellows 252 and 254 will both expand. If 
the rate at which the pressure drops is a hazardous 
rate, a pressure differential will be established be- 
tween the chamber A and the chamber B because 
the passage 234 will not permit an equilibrium to 35 
be maintained between the chambers A and 6; and 
as a result, the diaphragm 278 will be deflected 
into contact with the support valve 280 which will, 
in turn, activate the electrical system to generate 
an afarm. Similarly, if the pressure in the system in 4o 
which the sensor 260 is located increases at a 
hazardous rate, the pressure in the chamber A will 
increase at a greater rate than the pressure in the 
chamber B: and as a result, the diaphragm 278 will 
be deflected into contact with the retainer wall 282 45 
which will again complete the electrical circuit to 
activate an alarm. 

In the further modification illustrated in Figure 
14. a temperature sensitive switch 290 is provided 
in parallel with the switch 10. The switch 290 may so 
be in the form of a normally open bimetallic switch 
which is temperature sensitive and will close to 
complete the circuit and generate an alarm when 
the temperature in the fluid medium in which it is 
located rises above a predetermined limit. As pre- 55 
viously indicated, the sensor 10 compensates for 
temperature changes in the system and while this 
has distinct advantages, there are many applica- 



tions in which it is desirable to generate an alarm 
when the temperature in the system exceeds a 
predetermined limit. For example, when a vehicle 
is operating with dual tires, one of the two tires of a 
set may be overloaded and may heat up until it 
explodes. The system illustrated in Figure 14 will 
generate an alarm even if the pressure sensor is 
not activated by the change in pressure in the 
system. 

As previously indicated, the pressure sensor of 
the present invention responds to the rate of 
cha nge of pressure in the system which it monitors, 
and is not affected by the actual pressure in the 
system. In ad dition, the pressure sensor is not 
affected by temperature changes in the system 
which it monitors because the sensor is housed 



within the system and temperature changes in the 
fluid which is being monitored will result in cor- 
responding temperature changes in the sensor. 
This feature is particularly desirable when the sen- 
sor is used in a pneumatic tire where the tempera- 
ture may vary substantially due to ambient tem- 
perature conditions or speed, toad and road sur- 
face conditions. When the pressure sensor is 
' mounted within the inflation chamber of a tire, 
pressure changes due to temperature changes will 
be substantially the same in the pressure chamber 
and in the inflation chamber and will not activate 
the alarm. In other systems where the tire pressure 
is compared to outside atmospheric pressure the 
changes in pressure resulting from temperature 
changes could cause the system to generate a 
false alarm. In these systems a drop in ambient 
temperature could also generate a false alarm. 

Various further modifications of the present in- 
vention over and above those described herein will 
be apparent to those skilled in the art. 

Claims 

1. A pressure sensor that responds to predeter- 
mined rate of change of pressure in a fluid medium 
of a pressure sensitive system comprising; 

a) a housing having walls that enclose a pres- 
sure chamber. 

b) one of said walls being a flexible diaphragm 
that separates the pressure chamber from the 
pressure sensitive system, said diaphragm be- 
ing movable to and fro between a first position 
and a second position in response to a predeter- 
mine change in the pressure differential between 
the pressure chamber and the pressure sen- 
sitive system. 

c) at least one of said waits being a permeable 
wall that is permeable to said fluid medium and 
having a sufficient permeability to permit the 
fluid medium to pass therethrough at a rate that 
will serve to permit equalization of the pressure 
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proximal end to the distal end. said proximal end of 
said stem being mounted in said housing such that 
the tire inflation passage opens into said input 
chamber, and secondary tire inflation passage 
nieans opening from said input chamber through 
which the air required to inflate a tire may pass 
from said input chamber to the inflation chamber of 
a tire in use. 

22. A sensor as claimed in claim 1 further compris- 
ing switch means carried by the housing and com- 
municating with said diaphragm to open and close 
in response to movement of the diaphragm be- 
tween said first and second position. 

23. A sensor as claimed in claim 21 further com- 
prising alarm means for emitting an alarm signal 
when the pressure in the pressure sensitive system 
changes at the hazardous rate, said alarm means 
comprising a transmitter means located within said 
housing and electrically connected through said 
switch means to a power source compartment in 
which a power source is located in use so as to be 
activated when said switch is closed to transmit the 
warning signal,' and alarm generating means re- 
mote from said tire for generating an alarm signal, 
and receiver means remote from said tire for re- 
ceiving the warning signal which is emitted by the 
transmitter, said receiver means communicating 
with said alarm generating means to activate said 
alarm generating means to cause it to generate 
said alarm signal when the warning signal is re- 
ceived. 

24. A pneumatically operated pressure sensitive 
electrical switch for detecting a hazardous rate of 
change of pressure in a pressure sensitive 
penumatic system comprising; 

(a) a housing having walls that enclose a pres- 
sure chamber, 

(b) a flexible diaphragm mounted in said hous- 
ing, said diaphragm forming one of said walls of 
said pressure chamber, said diaphragm serving 
to separate the pressure chamber from said 
pressure sensitive penumatic system in use. 
said diaphragm being free to move indepen- 
dently to and fro between a first position and a 
second position in response to said hazardous 
rate of change in the pressure system, 

(c) one of said walls of said pressure chamber 
being a permeable wall which is sufficiently per- 
meable to permit air to pass therethrough at a 
rate which will serve to permit equalization of 
the pressure on opposite sides of the diaphragm 
at a rate that would prevent the detection of a 
change, in the pressure in said pressure sen- 
sitive system which occurs at a rate that is less 
than said hazardous rate, said permeable wall 
being sufficiently impermeable to prevent the 
passage of air therethrough at a rate which will 
serve to prevent equalization of the pressure on 



opposite sides of the diaphragmat a rate which 
would prevent the movement of the diaphragm 
from said first position to said second position 
when said hazardous rate of change occurs in 

5 the pressure in said pressure sensitive system, 
(d) switch means carried by said housing and 
communicating with said diaphragm to open and 
close in response to movement of said dia- 
phragm to and fro between said first and second 

10 positions. 

25. A switch as claimed in claim 24 wherein said 
flexible diaphragm is an electrically conductive dia- 
phragm and said switch means comprises; 

(a) first conductor means having a first contact 
75 disposed opposite said flexible diaphragm so as 

to bo out of contact with said diaphragm when it 
is in said first position and to make contact with 
said diaphragm when it is in said second posi- 
tion, said first conductor means being acces- 
20 sible for connection to an electrical circuit. 

(b) means for connecting said diaphragm to said 
electrical circuit such that said switch is open 
when said diaphragm is in its first position and 
closed when said diaphragm is in its second 

25 * position. 

26. A switch as claimed in claim 24 wherein a 
pressure sensing chamber is formed in said hous- 
ing; said pressure sensing chamber being sepa- 
rated from said pressure chamber by said dia- 

30 phragm. 

27. A switch as claimed in claim 25. wherein said 
means for connecting said diaphragm to an elec- 
trical circuit comprises a second conductor means 
mounted in said housing and having a second 

35 contact located in a side-by-side spaced relation- 
ship with respect to said first contact so as to be 
out of contact with said diaphragm when it is in its 
first position and to make contact with said dia- 
phragm when it is in said second position such that 

40 the first and second conductors are electrically 
connected to one another through said diaphragm 
when said diaphragm is in its second position. 

28. A switch as claimed in claim 24 wherein said 
diaphragm is said permeable wall. 

45 29. In an inflation chamber of a tire which is in- 
flated to a predetermined inflation pressure the 
improvement of an alarm system for generating an 
alarm signal when air leaks from the inflation cham- 
ber at a rate which could be hazardous comprising; 
50 (a) a housing mounted in said inflation chamber, 
said housing having a wall that forms a pressure 
chamber therein, 

(b) a flexible diaphragm mounted in said hous- 
ing, said diaphragm forming one of said walls of 
55 said pressure chamber, said diaphragm serving 
to separate the pressure chamber from said 
inflation chamber such that said diaphragm is 
free to move independently to and fro between 
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the first and second positions. 

15. A sensor as claimed in claim 14 wherein the 
flow control means Is adapted to prevent the dis- 
charge of fluid medium from the pressure chamber 
through said passage means unless the pressure 
differential between the pressure sensitive system 
and the pressure chamber exceeds the pressure 
differential required to deflect the flexible dia- 
phragm between the second and third positions. 

16. A sensor as claimed in claim 1 further compris- 
ing a charging passage opening into the pressure 
chamber through which said fluid medium may be 
admitted to the pressure chamber from the pres- 
sure sensitive system, and flow control means 
communicating with said charging passage, said 
flow control means being operable to open and 
close said charging passage, said flow control 
means serving to open said charging passage to 
admit the fluid medium to the pressure chamber 
when the pressure in the pressure sensitive system 
is greater than that in the pressure chamber by an 
amount such that the pressure differential is sub- 
stantially greater than that required to move the 
diaphragm from said first position to said second 
position whereby the input of fluid medium to the 
pressure chamber will be interrupted before the 
pressure differential Is reduced below that required 
for displacement of the diaphragm from said first 
position to said second position. 

17. A sensor as claimed in claim 16 further com- 
prising a discharge passage opening from the 
pressure chamber through which said fluid medium 
may be discharged from the pressure chamber to 
•the pressure sensitive system and flow control 
means communicating with said discharge pas- 
sage, said flow control means being operable to 
open and close said discharge passage, said flow 
control means serving to open said discharge pas- 
sage to permit the fluid medium to escape from the 
pressure chamber when the pressure in the pres- 
sure chamber is greater than that in the pressure 
sensitive system by an amount such that the pres- 
sure differential therebetween is substantially great- 
er than that required to move the diaphragm from 
said first position to said third position such that the 
discharge of fluid medium from the pressure cham- 
ber will be interrupted before the pressure differen- 
tial is reduced that required for the displacement of 
the diaphragm to said third position. 

18. A sensor as claimed in claim 16 wherein said 
diaphragm is movable to a third position in which it 
is displaced from said first position in the direction 
opposite to the direction of displacement toward 
said second position and wherein said sensor fur- 
ther comprises; 

(a) an input chamber formed in said housing. 

(b) a divider wall separating the input chamber 
from said pressure chamber, 



(c) a charging passage and a discharging pas- 
sage each opening through said divider wall and 
communicating between the input chamber and 
the pressure chamber, 

5 (d) first one-way valve means in the charging 
passage, said first one-way valve being normally 
closed and operable to open to permit the fluid 
medium to pass from the input chamber to the 
pressure chamber when the pressure in the 

10 pressure sensitive system is greater than that in 
the pressure chamber by an amount such that 
the pressure differential is substantially greater 
than that required to move the diaphragm from 
said first position to said second position such 

15 that the input of fluid medium to the pressure 
chamber will be interrupted before the pressure 
differential as reduced below that required for 
displacement of the diaphragm to the second 
position, 

20 (e) second one-way valve means in the dis- 
charge passage, said one-way valve means be- 
ing normally closed and being operable to open 
to permit the fluid medium to discharge from the 
pressure chamber when the pressure in the 
25 pressure chamber is greater than that in the 
input chamber by an amount such that the pres- 
sure differential therebetween is substantially 
greater than that required to move the dia- 
phragm from said first position to said third 
.30 position such that the discharge of fluid medium 
from the pressure chamber will be interrupted 
before the pressure differential is reduced below 
that required for deflection of the diaphragm 
from the third position to the first position. 
35 19. A sensor as claimed in claim 18 wherein said 
divider wall has a first protuberance formed thereon 
that projects into the pressure chamber and 
through which said passage opens and said first 
one-way valve comprises a flexible sleeve which 
40 fits over the first protuberance and closes said 
charging passage, said flexible sleeve being suffi- 
ciently flexible to deflect under the influence of the 
pressure differential to permit the charging passage 
to open as aforesaid. 
45 20. A sensor as claimed in claim 19 within the said 
divider wall has a second protuberance formed 
thereon that projects into the input chamber and 
through which the discharge passage opens, said 
second one-way valve comprising a flexible sleeve 
50 which fits over the second protuberance and nor- 
mally closes said discharge passage, said second 
flexible sleeve being deflected under the influence 
of the pressure differential to permit the discharge 
passage to open as aforesaid. 
55 21. A sensor as claimed in claim 18 further com- 
prising a valve stem for a pneumatic tire having a 
proximal end and a distal end. and a primary tire 
inflation passage opening therethrough from the 
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a first position and a second position in re- 
sponse to said hazardous rate of change in the 
pressure in the inflation chamber, 
(c) one of said walls of said pressure chamber 
being a permeable wall which is sufficiently per- 5 
meable to permit air to pass therethrough at a 
rate which will serve to permit equalization of 
the pressure in the pressure chamber and the 
inflation chamber on opposite sides of the dia- 
phragm at a rate that wiil prevent the detection io 
of a change in the pressure in said inflation 
chamber which occurs at a rate that is less than 
said hazardous rate, said permeable wall being 
sufficiently impermeable to prevent the passage 
of air therethrough at a rate which will serve to js 
prevent equalization of the pressure in the pres- 
sure chamber and the inflation chamber on op- 
posite sides of the diaphragm at a rate which 
would prevent the movement of the diaphragm 
from said first position to said second position 20 
when said hazardous rate of change occurs in 
the pressure in said pressure sensitive system, 
d) alarm means communicating with said dia- 
phragm and operable to generate an alarm sig- 
nal in response to movement of said diaphragm 25 
from said first position to said second position. . 

30. An alarm system as claimed in claim 29 
wherein said alarm means comprises; 

(a) transmitter means located within said infla- 
tion chamber and electrically connected to a 30 
power source through said pressure sensitive 
switch so as to be activated when said switch is 
closed to transmit a warning signal. 

(b) alarm generating means remote from said 

' wheel for generating an alarm signal, 3S 

(c) receiver means remote from said tire for 
receiving the warning signal which is emitted by 
the transmitter, said receiver means commu- 
nicating with said alarm generating means to 
activate said alarm generating means to cause it 4o 
to generate said alarm signal when the warning 
signal is rocoived. 

31. An alarm system as claimed in claim 30 
wherein said diaphragm is said permeable wall. 
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